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The mvention relates to a wireless communications system
for communicating with user equipment located inside a
physical structure. The system comprise a node having at
least two antenna ports and being adapted for wireless
communication with the user equipment, and at least one
leaky cable having two ends wherein each end of the at least
one leaky cable 1s connected to one of the antenna ports of
the node. The at least one leaky cable 1s provided at least
partially 1nside the physical structure and being adapted for
wireless communication over a radio channel with the user
equipment.
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Configuring the node for wireless communication
with the user equipment.

701
Configuring at least one leaky cable, having a first
209 end and a second end, for wireless communication.
Connecting each end of the at ieast one leaky
cable to one of the antenna ports of the node.
703
Providing the at least one leaky cable at least
artially inside the physical structure.
204 P Y pny
Configuring the at least one leaky cable for wireless
communication for over a radio channel with said
7095 user eqguipment

Fig. 7
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Connecting a first signal divider having at least two
signhal divider antenna ports and at least one signal
divider node port to one of the at least two antenna

ports of the node.

801

Connecting a second signal divider having at least
two signal divider antenna ports and at least one

802 signal divider node port connected to one of the at
least two antenna ports of the node.

Connecting each end of the at least one leaky
cable, via one of the signal divider antenna ports of

803 one of said first signal divider and said second
signal divider, to one of said antenna ports of said
node.

Fig. 8
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MIMO COVERAGE OVER BI-DIRECTIONAL
LEAKY CABLES

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s a continuation of U.S. application Ser.
No. 13/338,522, filed Dec. 28, 2011, and claims priority

benefit under 35 U.S.C. § 119(e) of PCT/EP2011/073867,
filed Dec. 22,2011, the contents of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to the field of indoor wire-
less commumnication systems and, 1n particularly, to imndoor
multiple-input multiple-output (MIMO) communication

systems using leaky cables for communicating with user
equipment located inside a physical structure such as a

building.

BACKGROUND

A large part of today’s traflic load 1n wireless communi-
cation comes from users inside physical structures such as
office buildings, shopping malls, cafés and restaurants, etc.
Providing indoor users with good coverage, high bit-rate and
spectrally eflicient communication from base stations out-
side the physical structure 1s very challenging due to, for
example, the penetration loss that occurs when the commu-
nication signals propagates through the walls of the build-
ing.

A well-known way of enhancing the indoor coverage 1s to
deploy a wireless communication system intended {for
indoor usage comprising an indoor radio base station (RBS)
connected to a distributed antenna system (DAS), wherein
the antennas are located indoors and distributed close to the
users. An example of a DAS 1s a so called leaky cable which
essentially 1s coaxial cables with slots or gaps along 1ts entire
length which enable the cable to “leak” electromagnetic
waves 1to its surroundings. A leaky cable can be used both
for transmitting and for receirving electromagnetic waves,
1.e. 1t allows for two-way communication. Leaky cables
have traditionally been used 1n for example mines, elevator
shafts, along railway tunnels, etc. but have become increas-
ingly popular to deploy 1n oflice buildings, shopping malls
and other large indoor complexes.

Multiple-input multiple-output (MIMO) communications
are typically applicable indoors where high bit rates are
sought after. However, leaky cables are relatively expensive
and complicated to install due to their weight and stiflness,
and 1n multiple-stream applications such as in MIMO com-
munications several cables need to be 1nstalled more or less
in parallel which complicates the installation and makes
them even more expensive to use. Since a leaky cable leaks
energy along its entire length, and since installations often
requires quite long leaky cables, the signal-to-noise ratio
(SNR) experienced by a user device located close to the end
of the leaky cable 1s much less than if 1t was located at the
beginning of the cable. This leads to a very skew capacity
distribution along the leaky cable which 1s undesired. One
way to combat this “capacity skewness” 1s to introduce
multiple radio frequency amplifiers, or repeaters, along the
leaky cable that may amplily the signal propagating through
the cable. However, these amplifiers are not only expensive
but also need power sources at each installation point which
both complicates and increases the cost for the installation
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even more. Thus, finding a way to offer good indoor
coverage with high bit-rate and spectrally eflicient commu-

nication using leaky cables, which also 1s cost eflicient and
not too complex to install, 1s therefore highly sought for.

SUMMARY OF THE INVENTION

With the above description 1n mind, then, an aspect of the
present invention 1s to provide a wireless communications
system comprising a node (such as a radio base station) and
at least one leaky cable which seeks to mitigate, alleviate, or
climinate one or more of the above-i1dentified deficiencies 1n
the art and disadvantages singly or in any combination.

A first aspect of the present invention relates to a wireless
communications system for communicating with user equip-
ment located inside a physical structure, comprising a node
having at least two antenna ports and being adapted for
wireless communication with said user equipment, and at
least one leaky cable having two ends, characterized in that
cach end of said at least one leaky cable 1s connected to one
of said antenna ports of said node, wherein said at least one
leaky cable 1s provided at least partially inside said physical
structure and being adapted for wireless communication
over a radio channel with said user equipment.

The wireless communication system may further com-
prise a first signal divider having at least two signal divider
antenna ports and at least one signal divider node port
connected to one of said at least two antenna ports of said
node, a second signal divider having at least two signal
divider antenna ports and at least one signal divider node
port connected to one of said at least two antenna ports of
said node, wherein each end of said at least one leaky cable
1s connected, via one of said signal divider antenna ports of
one of said first signal divider and said second signal divider,
to one of said antenna ports of said node.

The wireless communication system wherein both ends of
a first leaky cable may each be connected to one of said
signal divider antenna ports of said first signal divider, while
both ends of a second leaky cable may each be connected to
one of said signal divider antenna ports of said second signal
divider.

The wireless communication system wherein one end of
a first leaky cable may be connected to one of said signal
divider antenna ports of said first signal divider while the
other end of said first leaky cable may be connected to one
of said signal divider antenna ports of said second signal
divider, and one end of a second leaky cable may be
connected to one of said signal divider antenna ports of said
first signal divider while the other end of said of said second
leaky cable may be connected to one of said signal divider
antenna ports of said second signal divider.

The wireless communication system may be adapted for
wireless multiple-input multiple-output commumnication
with said user equipment.

A second aspect of the present invention relates to a
method for providing wireless communication between a
node and user equipment located inside a physical structure,
the method comprising configuring said node, having at
least two antenna ports, for wireless communication with
said user equipment, configuring at least one leaky cable,
having a first end and a second end, for wireless commu-
nication, characterized by connecting each end of said at
least one leaky cable to one of said antenna ports of said
node, providing said at least one leaky cable at least partially
inside said physical structure, and configuring said at least
one leaky cable for wireless communication for over a radio
channel with said user equipment.
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The method may further comprise connecting a first
signal divider having at least two signal divider antenna

ports and at least one signal divider node port to one of said
at least two antenna ports of said node, connecting a second
signal divider having at least two signal divider antenna
ports and at least one signal divider node port connected to
one of said at least two antenna ports of said node and
connecting each end of said at least one leaky cable, via one
ol said signal divider antenna ports of one of said first signal
divider and said second signal divider, to one of said antenna
ports of said node.

The method may further comprise connecting both ends
ol a first leaky cable to each of one of said signal divider
antenna ports of said first signal divider and connecting both
ends of a second leaky cable to each of one of said signal
divider antenna ports of said second signal divider.

The method may further comprise connecting one end of
a first leaky cable to one of said signal divider antenna ports
of said first signal divider, connecting the other end of said
first leaky cable to one of said signal divider antenna ports
of said second signal divider, and connecting one end of a
second leaky cable to one of said signal divider antenna
ports of said first signal divider, and connecting the other end
of said of said second leaky cable to one of said signal
divider antenna ports of said second signal divider.

The method may further comprise adapting said node,
said first and second signal dividers and said at least one
leaky cable for wireless multiple-input multiple-output com-
munication with said user equipment.

The method may further comprise providing said first
leaky cable and said second leaky cable 1n said physical
structure such that they are deployed 1n parallel to each other
to provide essentially the same indoor coverage.

The method may further comprise providing said first
leaky cable and said second leaky cable 1n said physical
structure such that they are deployed to provide indoor
coverage ol two separate areas 1n said physical structure.

Any of the features 1n the second aspect of the present
invention above may be combined, 1n any way possible, as
to form different embodiments of the present invention. All
of the benefits described in conjunction with the first aspect
of the present invention may in the same way be applied to
the second aspect of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features, and advantages of the present
invention will appear from the following detailed descrip-
tion of some embodiments and variants of the invention,
wherein some embodiments or variants of the mvention will
be described 1n more detail with reference to the accompa-
nying drawings, in which:

FI1G. 1 illustrates a conventional diversity or MIMO setup
using two parallel leaky cables connected to a node
deployed along a corridor inside a physical structure,
according to prior art; and

FIG. 2 illustrates a MIMO setup using a single leaky
cable, connected at both ends to a node, deployed along a
corridor inside a physical structure, according to an embodi-
ment of the present invention; and

FIG. 3 1llustrates a SISO or a SIMO/MISO setup using a
single leaky cable, connected at both ends to a signal divider
connected to a node, deployed along a corridor inside a
physical structure, according to an embodiment of the pres-
ent 1nvention; and

FIG. 4 illustrates a MIMO setup using two leaky cables,
connected to two signal dividers connected to a node,
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deployved along a corridor inside a physical structure,
according to an embodiment of the present invention; and
FIG. 5 illustrates another MIMO setup using two leaky
cables, connected to two signal dividers connected to a node,
deployed along a corridor inside a physical structure,
according to an embodiment of the present invention; and
FIG. 6a illustrates yet another MIMO setup using two
leaky cables, connected to two signal dividers connected to
a node, deployed along a corridor 1nside a physical structure,
according to an embodiment of the present invention; and
FIG. 65 illustrates a MIMO setup using two leaky cables,
connected to two signal dividers connected to a node,
deployed along two corridors inside a physical structure,
according to an embodiment of the present invention; and
FIG. 7 shows a flowchart describing a method according,
to an embodiment of the present invention; and
FIG. 8 shows another flowchart describing a method
according to an embodiment of the present invention; and
FIG. 9a shows a simulation of the 2-by-2 MIMO capacity,
with a target SNR of 20 dB, along a corridor when using a
deployment with two parallel leaky cables compared to a
deployments with a single leaky cable fed from both ends,
according to an embodiment of the present invention; and
FIG. 95 shows a simulation of the 2-by-2 MIMO capacity,
with a target SNR of 30 dB, along a corridor when using a
deployment with two parallel leaky cables compared to a
deployments using a single leaky cable fed from both ends
according to an embodiment of the present invention; and
FIG. 10 shows an example of how an installation of a
single leaky cable system arranged for SISO communication
according to prior art may be modified, at low cost, to a
leaky cable system arranged for MIMO communication
according to an embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention will be described
more fully heremnafter with reference to the accompanying
drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the mvention
to those skilled in the art. Like reference signs refer to like
clements throughout the description.

One way of oflering good indoor coverage along with
spectrally eflicient communication and high bit-rate 1s to
utilize an indoor wireless multiple-input multiple-output
(MIMO) communications system comprising a node (1.e.
radio base station) and a distributed antenna system (DAS).

A DAS 1s typically a network of spatially separated
antenna nodes connected to a common source such as a radio
base station, a node or a repeater which via a radio channel
provide wireless services within a physical structure. An
example of a DAS 1s a so called leaky cable. A leaky cable
1s usually defined as being an insulated cable (usually a
shielded coaxial cable) with slits or slots through the insu-
lation enabling communication signals transported along 1ts
length to emanate out, in a controlled manner, into the
immediately surrounding environment. Leaky cables are
also known 1n literature as radiating cables or leaky wave
slot antennas.

FIG. 1 shows an example of a MIMO communications
system 100 using leaky cables deployed i a physical
structure 101.
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A physical structure 101 may be any type of man made
structure such as a multi-storage building having several
interior spaces (such as rooms, corridors, etc.) of different
s1zes and shapes, to a small house-like building containing
only one interior space (one room). The term physical
structure 101 should also be interpreted to include any
man-made or any not man-made semi-closed physical struc-
ture such as a tunnel, mine, cave or the like, wherein the
leaky cable may be deployed partially inside said semi-
closed physical structure and partially outside of said semi-
closed physical structure. An example of a leaky cable
deployed partially inside a semi-closed physical structure 1s
a leaky cable which 1s deployed along a road tunnel wherein
a part of the leaky cable sticks out at either end of said road
tunnel. In the following examples, a physical structure 101
in the form of a square oflice building with a corridor 102
running along all sides of the building and with an open
interior space (a garden) in the middle of the bwlding 1s
chosen to 1illustrate different embodiments and variants of
embodiments according to the present invention.

In FIG. 1 a node 103, which may be a radio base station,
a repeater or some other type communication device capable
of handling MIMO communications, 1s connected to two
leaky cables 104, 105, one leaky cable 104 illustrated by a
line running from the node 103 along the corridor 102 and
terminating 108 close to the node 103, and a second leaky
cable 105 illustrated by a dotted line running from the node
103 along the corridor 102 and terminating 109 close to the
node 103. User equipment (UE) 106 may communicate
wirelessly over a channel 107, via the leaky cables 104, 105,
with the node 103, which 1n 1ts turn may allow said UE 106
to communicate with other UE (not shown). The UE 106
may be any type of equipment capable of communicating,
wirelessly such as mobile phones and computer equipment
(1.e. laptops, tabletop computers, pads, etc.). The UE 106
may be stationary in said corridor 102 in the physical
structure 101 or it may be capable of moving (i.e. mobile)
along the corridor 102 1nside the physical structure 101. The

UE 106 may or may not be adapted for MIMO communi-
cation with the leaky cables 104, 105 and the node 103. Each

leaky cable 104, 105 1s provided such that they provide
essentially the same unified indoor coverage of the corridor
102 1n said physical structure 101. The term “essentially”
should be interpreted as meaning both “exactly the same”
and “close to, but not exactly the same”, since 1n reality 1t
would be very diflicult to achieve exactly the same coverage
of the corridor 102 using two physical cables (even placed
on top of each other).

The MIMO communications system 100 using two leaky
cables shown in FIG. 1 unfortunately have several draw-
backs. Leaky cables are relatively expensive and compli-
cated to install due to their weight and stifiness, and 1n
multiple-stream applications such as in MIMO communica-
tions, several cables need to be installed more or less in
parallel which complicates the installation process and
makes the system even more expensive to implement. Since
a leaky cable leaks energy along its entire length 1t has a
large attenuation per meter cable which means that the
signal-to-noise ratio (SNR) experienced by a UE 106 located
close to the ends 108, 109 of the leaky cables 104, 105 1s
much less than 11 the UE 106 1s located at the beginning of
the cables 104, 105. Thus, the SNR 1n the part of the corridor
102 close to where the leaky cables 104, 105 are connected
to the node 103 1s much higher than 1n the part of the
corridor 102 at the ends 108, 109 of the leaky cables. This
leads to a very skew capacity distribution along the leaky
cable which 1s undesirable.
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One way to combat the “capacity skewness™” 1n a MIMO
communication as the one shown 1n FIG. 1 1s to introduce
multiple radio frequency amplifiers, or repeaters, along the
leaky cable which may amplily the signal propagating
through the cable. However, these amplifiers are not only
expensive but also need power sources at each installation
point which both complicates the installation process and
increases the cost of the communication system.

As described above, a leaky cable 104, 105 has two ends
whereol one end generally 1s used for feeding the leaky
cable with a signal and the other end 108, 109 1s generally
terminated or left open. In contrast, the present invention
makes use of both ends of the leaky cable by feeding and/or
sensing the cable in both ends. FIG. 2 shows a wireless
MIMO communication system 200 wherein each end 205,
206 of a single leaky cable 204 has been connected to a

separate antenna port on a node 203. In this way it 1s possible
for the node 203 to feed the leaky cable 204, via the node’s
antenna ports 220, 222, 1 both ends 205, 206. The leaky
cable 204 1s distributed throughout the corridor 208 and thus
providing coverage in the entire physical structure 202. UE
201 located in the corridor 208 1n the physical structure 202
may communicate wirelessly with the leaky cable 204 and
the node 203, via a communication channel 207, in the same
manner as the UE 106 could 1in FIG. 1. In a transmission
mode the leaky cable 204 may be used for transmitting two
multiplexed data streams eflectively doubling the capacity
of the communication system 200 compared to a SISO
system, or the leaky cable 204 may be used for diversity
transmissions using for instance Alamouti space-time block-
coding (STBC) giving the system an increased error resil-
lence. Other transmission schemes, not mentioned 1n the
description, may also be used 1in the MIMO communication
system shown in FIG. 2.

The benefit from feeding and/or sensing the cable from
both ends 1s that the cable length 1s halved compared to a
conventional installation with two cables, one for each
antenna port, as shown 1n FIG. 1. In this way the installation
cost will be considerable reduced without sacrificing any of
the performance. Another benefit with the invention 1s that
a dual-feed leaky cable installation, such as the one shown
in FIG. 2, will give a more uniform capacity coverage than
conventional leaky cable installation with parallel cables. In
this way the invention will considerably reduce the non-
uniform capacity distribution mherent 1n conventional par-
allel leaky cable deployments.

FIG. 3 shows another embodiment of a communication
system 300 according to the present invention. In this
embodiment both ends 303, 304 of the leaky cable 305 are
connected to signal divider antenna ports 331, 332 on a
signal divider 302. The signal divider 302 1s capable of
either combining signals or splitting signals. An antenna port
320, 322 on said node 301 1s connected to a signal divider
node port 330 on said signal divider 302, and thus enabling
the node 301 to simultaneously feed the leaky cable 305 at
both ends 303, 304 via the signal divider 302. The leaky
cable 305 1s distributed throughout the corridor 309 and thus
covering the entire physical structure 308. UE 306 located 1n
the corridor 309 1n the physical structure 308 thus 1s able to
communicate wirelessly with the leaky cable 305 and the
node 301 via a communication channel 307. In the same
manner as the dual-feed leaky cable installation in FIG. 2,
the dual-feed leaky cable installation 1n FIG. 3 will also give
a more umiform capacity coverage than conventional leaky
cable installation with parallel cables or a single cable only
fed from one end. In this way the installation 1n FIG. 3 will
considerably reduce the non-uniform capacity distribution
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inherent 1n conventional parallel leaky cable deployments
where the cables are fed from one end only.

FIG. 4 shows an embodiment of the present mvention
where two leaky cables 408, 409 are connected to a node 403
via signal dividers 401, 402. In this embodiment one end
404, 405 of each leaky cable 408, 409 1s connected to one
of the signal dividers 402, while the other end 406, 407 of
cach leaky cable 408, 409 are connected to the other signal
divider 401. The ends 404, 405, 406, 407 of the leaky cables
408, 409 are connected to the signal dividers 401, 402 via 1ts
signal divider antenna ports 431, 432, 441, 442, and the
signal dividers 401, 402 are in their turn connected to
antenna ports 420, 422 of the node 403 via signal divider
node ports 430, 440. In this way the node 403 1s able to feed
both ends 404, 405, 406, 407 of each leaky cable 408, 409
at the same time with a same signal (1.e. meaning that one
signal 1s fed to both ends 404, 405 connected to the same
signal divider 402 while another signal 1s fed to both ends
406, 4077 connected to the same signal divider 401). Feeding
the same signal at both ends 404, 405, 406, 407 of each leaky
cable 408, 409 will result in a more even power distribution
along the leaky cables 408, 409, where the power of the
same signal will be high close to the ends 404, 405, 406, 407
of each leaky cable 408, 409, and sum up due to power
contribution from both directions at the middle of each leaky
cable 408, 409 where the signal power otherwise would (1f
not fed from both ends) have been weak due to the cable
losses. Thus the benefits of deploying a communication
system 400 as shown 1n FIG. 4 1s that 1t will provide a more
uniform capacity distribution along the whole length of the
leaky cables, and that it can be configured to operate both as
a single-mput single-output (SISO) system as well as a
MIMO system. However, these benefits will come at the
price ol a higher installation and material cost (more cable
1s used).

In a variant of the embodiment shown in FIG. 4, the node
403 may feed the ends 404, 405, 406, 407 of the leaky cables
408, 409 with different signals, 1.e. one end 404, 405 of the
leaky cables 408, 409 1s fed with a first signal and the second
end 406, 407 of the leaky cables 408, 409 1s fed with a
second signal.

FIG. 5 shows a similar embodiment to the one disclosed

in FIG. 4. However, 1n this embodiment both ends 504, 505,
506, 507 of each leaky cable 508, 509 is connected to the
same signal divider 502, 503, 1.¢. both ends 504, 505 of one
of the leaky cables 509 are connected to one of the signal
dividers 503, while both ends 506, 507 of the other leaky
cable 508 1s connected to the other signal divider 502. In this
way the node 501 may, in a similar manner as in the
embodiment 1n FIG. 4, feed both ends 504, 505, 506, 507 of
cach leaky cable 508, 509 with the same signal via the signal
dividers 502, 503. The benefits and the performance of the
embodiment shown in FIG. 5 1s the same as the benefits and
performances of the embodiments shown i FIG. 4. The
embodiment in FIG. 5 also provides the possibility for the
node 501 to feed each leaky cable 508, 509 via the signal
dividers 502, 503 with different signals.

FIG. 6a shows vet another similar embodiment to the ones
disclosed 1in FIG. 4 and FIG. 5. However, 1n this embodi-
ment one end 604, 605 of each leaky cable 608, 609 1s
connected to one of the signal dividers 603, while the other
end 606, 607 of each leaky cable 608, 609 1s connected to
the other signal divider 602. However, 1t should be noted
that the deployment of the two leaky cables 608, 609 1n the
communication system 600 in FIG. 6a 1s fundamentally
different from the deployment of the two leaky cables 408,
409 1n the communication system 400 1n FIG. 4, and the

5

10

15

20

25

30

35

40

45

50

55

60

65

8

ellect of applying a signal to the leaky cables 1n the two
embodiments will be quite different. The communication
system 600 disclosed in FI1G. 6a 1s essentially equal 1n terms
ol benefits and performance as the communication system
200 presented 1n FIG. 2, with the difference that the com-
munication system 600 1in FIG. 6a 1s deployed using two
leaky cables 608, 609.

One beneficial way of deploying the leaky cables in the
communication system 600 1s shown in FIG. 6b. In this
variant one leaky cable 613 1s deployed 1n a corridor 616 in
a first part of the physical structure 617, while the other
leaky cable 614 deployed 1n another corridor 615 1n a second
part of the physical structure 617. Both leaky cables 613,
614 are connected to the node 610 via two signal dividers
611, 612 1n the same manner as shown 1n the communication
system 600 shown in FIG. 6a. In this way one leaky cable
613 serves one part 616 of the building 617 while the other
leaky cable 614 serves another part 6135 of the building 617
using only one set of two signal dividers and a node.

One should also note that all the embodiments shown 1n
FIGS. 2-6b may be extended to higher order MIMO simply
by increasing the number of cables, as long as 1t 1s supported
by the node.

It has been showed above that the present invention
disclose a method for providing wireless communication
between a node and user equipment located inside a physical
structure. The method may be expressed through a number
of steps (as shown 1n the flowchart in FIG. 7) according to
the following:

Configuring (701) the node, having at least two antenna
ports, for wireless communication with user equip-
ment.

Configuring (702) at least one leaky cable, having a first
end and a second end, for wireless communication.

Connecting (703) each end of the at least one leaky cable
to one of the antenna ports of said node.

Providing (704) the at least one leaky cable at least
partially inside said physical structure.

Configuring (705) the at least one leaky cable for wireless
communication for over a radio channel with said user
equipment.

The method according to the present invention may also
comprise the following further steps (as shown in the
flowchart 1n FIG. 8):

Connecting (801) a first signal divider having at least two
signal divider antenna ports and at least one signal
divider node port to one of the at least two antenna
ports ol the node.

Connecting (802) a second signal divider having at least
two signal divider antenna ports and at least one signal
divider node port connected to one of the at least two
antenna ports of the node.

Connecting (803) each end of the at least one leaky cable,
via one of the signal divider antenna ports of one of said
first signal divider and said second signal divider, to
one of said antenna ports of said node.

To 1llustrate the difference 1in capacity distribution
between the prior art communication system depicted in
FIG. 1 and the communication system according to the
present mvention depicted in FIG. 2 two simulations have
been performed. The simulations where made using a model
of a 2-by-2 MIMO communication system using leaky
cables with an attenuation equal to 20 dB/100m. The
antenna port 1solation was chosen to 20 dB which 1s roughly
the same as 1n a conventional antenna solution. The length
of each side (i.e. the length of each corridor) of the physical
structure was set to 25 m, which gives that each leaky cable
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has to be 100 m long (4x25 m) 1n the simulation. The total
transmit power was set to 24 dBm and the receiver noise
power was normalized such that a received target SNR either
of 10 or 30 dB was achieved close to the node (1.e. at the
point where there 1s no cable attenuation and only path loss
present). Uncorrelated Rayleigh fading and an indoor path
loss model are assumed and that the receiver 1s located a few
meters away from the cable. Two scenarios were simulated
and compared to each other. The first scenario 1s the con-
ventional parallel leaky cable scenario depicted 1n FIG. 1,
while the second scenario 1s the disclosed dual-feed leaky
cable scenario depicted 1in FIG. 2.

FIG. 9a shows the resulting diagram 900 from a first
simulation wherein the target SNR was set to 10 dB. The
y-axis in the diagram represents capacity (bps/Hz) and the
x-axis 1n the diagram represents position (m). It can be
clearly seen from the diagram that the curve belonging to the
conventional parallel leaky cable scenario 903 that the
capacity, as expected, rapidly decreases with position. In
contrast the curve belonging to the disclosed dual-feed leaky
cable scenario 902 1s bathtub-shaped which indicates that
the capacity distribution 1s as expected lowest on the middle
of the cable (at 50 m) and high at both ends. It should be
noted that the variation in capacity between the ends and the
middle of the cable 1s not that great which indicated that 1t
1s very beneficial to use the disclosed dual-feed leaky cable
deployment 11 an even capacity distribution 1s wanted.

FIG. 96 shows the resulting diagram 901 from a second
simulation wherein the target SNR was set to 30 dB. The
y-axis 1n the diagram represents capacity (bps/Hz) and the
x-ax1s 1n the diagram represents position (m). It can be
clearly seen from the diagram that the curve belonging to the
conventional parallel leaky cable scenario 905 that the
capacity, as expected, rapidly decreases with position. In
contrast the curve belonging to the disclosed dual-feed leaky
cable scenario 904 1s nearly flat which indicated that the
change in capacity over the length of the leaky cable is
nearly unchanged. This indicates that 1t 1s very beneficial to
use the disclosed dual-feed leaky cable deployment if an
even capacity distribution 1s wanted, especially for high
SNRs. One conclusion from the results presented i FIGS.
9a and 95 that can be drawn 1s that the higher the target SNR
1s the more uniform the capacity distribution gets, and
uniform capacity distributions are very much desired in
communication systems.

Another benefit of using the present mmvention is that
communication systems using a single leaky cable for SISO
transmission 1 an existing deployment can easily be
upgraded to MIMO or diversity transmission/reception
using the present invention. The requirement for doing this
upgrade 1s to provide the possibility to feed both ends of the
cable from the same location (radio base station or repeater).
The complexity of such an upgrade depends on the current
installation which most likely varies from site to site. FIG.
10 shows a scenario where an old deployment 1000 of a
leaky cable 1003 connected at one end 1002 to a node 1001
and having the other end open or terminated 1004 may be
patched with a piece of leaky cable 1005 so that the patched
leaky cable 1003 may be fed in both ends according to the
present mvention.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” “compris-
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specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereol.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mvention belongs. It will be further understood
that terms used herein should be interpreted as having a
meaning that 1s consistent with their meaning 1n the context
of this specification and the relevant art and will not be
interpreted i an i1dealized or overly formal sense unless
expressly so defined herein.

The foregoing has described the principles, preferred
embodiments and modes of operation of the present inven-
tion. However, the invention should be regarded as illustra-
tive rather than restrictive, and not as being limited to the
particular embodiments discussed above. The different fea-
tures of the various embodiments of the invention can be
combined in other combinations than those explicitly
described. It should therefore be appreciated that variations
may be made 1n those embodiments by those skilled 1n the
art without departing from the scope of the present invention
as defined by the following claims.

The mvention claimed 1s:

1. A wireless communications system for communicating
with user equipment located inside a physical structure,
comprising:

a node having at least two antenna ports and being
adapted for multiple-input, multiple-output (MIMO)
wireless communication with said user equipment;

at least one leaky cable having only two ends, the two
ends comprising a first end and a second end located at
opposing ends of said at least one leaky cable and said
at least one leaky cable being a continuous cable,

a first signal divider having at least two signal divider
antenna ports and at least one signal divider node port
connected to one of said at least two antenna ports of
said node; and

a second signal divider having at least two signal divider
antenna ports and at least one signal divider node port
connected to one of said at least two antenna ports of
said node,

wherein the first end of said at least one leaky cable 1s
connected to one of said antenna ports of said node and
the second end of said at least one leaky cable 1s

Terent one of said antenna ports of

connected to a di
said node, wherein said at least one leaky cable 1s
provided at least partially 1nside said physical structure
and being adapted for wireless communication over a
communication channel with said user equipment; and
wherein the first end of said at least one leaky cable 1s
connected, via one of said signal divider antenna ports
of said first signal divider, to one of said antenna ports
of said node and the second end of said at least one
leaky cable 1s connected, via one of said signal divider
antenna ports of said second signal divider, to a ditler-
ent one of said antenna ports of said node.
2. The wireless communication system according to claim
1, wherein both ends of a first leaky cable are each connected
to one of said signal divider antenna ports of said first signal
divider, while both ends of a second leaky cable are each
connected to one of said signal divider antenna ports of said
second signal divider.
3. The wireless communication system according to claim
1, wherein one end of a first leaky cable 1s connected to one
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of said signal divider antenna ports of said first signal
divider, while the other end of said first leaky cable 1is
connected to one of said signal divider antenna ports of said
second signal divider, and
one end of a second leaky cable 1s connected to one of said
signal divider antenna ports of said first signal divider,
while the other end of said second leaky cable 1s
connected to one of said signal divider antenna ports of
said second signal divider.
4. The wireless communication system according to claim
3, wherein said first leaky cable 1s deployed in a first part of
the physical structure and said second leaky cable 1s
deployed 1n a second part of the physical structure different
from the first part.
5. The wireless communication system according to claim
1, wherein the system 1s adapted for wireless multiple-input
multiple-output commumication with said user equipment.
6. A method for providing wireless communication
between a node and user equipment located 1nside a physical
structure, the method comprising:
configuring said node, having at least two antenna ports,
for multiple-input, multiple-output (MIMO) wireless
communication with said user equipment;
configuring at least one leaky cable, having only two
ends, the two ends comprising a first end and a second
end located at opposing ends of said at least one leaky
cable, for wireless communication and said at least one
leaky cable being a continuous cable;
connecting the first end of said at least one leaky cable to
one of said antenna ports of said node and connecting
the second end of said at least one leaky cable to a
different one of said antenna ports of said node;
connecting a first signal divider having at least two signal
divider antenna ports and at least one signal divider
node port to one of said at least two antenna ports of
said node;
connecting a second signal divider having at least two
signal divider antenna ports and at least one signal
divider node port connected to one of said at least two
antenna ports of said node;
connecting the first end and the second end of said at least
one leaky cable, via one of said signal divider antenna
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ports of one of said first signal divider and said second
signal divider, to one of said antenna ports of said node
providing said at least one leaky cable at least partially
inside said physical structure; and
configuring said at least one leaky cable for wireless
communication over a communication channel with

said user equipment.

7. The method according to claim 6, further comprising:

connecting both ends of a first leaky cable to each of one
of said signal divider antenna ports of said first signal
divider; and

connecting both ends of a second leaky cable to each of
one of said signal divider antenna ports of said second
signal divider.

8. The method according to claim 7, further comprising:

providing said first leaky cable and said second leaky
cable 1n said physical structure such that they are
deployed 1n parallel to each other to provide essentially
the same 1ndoor coverage.

9. The method according to claim 7, further comprising:

providing said first leaky cable and said second leaky
cable 1n said physical structure to provide indoor cov-
crage ol two separate areas 1n said physical structure.

10. The method according to claim 6, turther comprising:

connecting one end of a first leaky cable to one of said
signal divider antenna ports of said first signal divider;

connecting the other end of said first leaky cable to one of
said signal divider antenna ports of said second signal
divider;

connecting one end of a second leaky cable to one of said
signal divider antenna ports of said first signal divider;
and

connecting the other end of said second leaky cable to one
of said signal divider antenna ports of said second
signal divider.

11. The method according to claim 6, further comprising:

adapting said node, said first and second signal dividers
and said at least one leaky cable for wireless multiple-
input multiple-output communication with said user
equipment.
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